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© Semiconductor laser. 

@ A variable wavelength semiconductor laser in which light 
emitting regions (Bi,B2), waveguide regions (Ci,C2) and an 
active fitter region (Ai) including a diffraction grating (5) 
equipped with a filter function are integrated on a single 
substrate, whereby only one resonance wavelength is selected 
to ensure a stable laser operation at a single wavelength of a 
small oscillation line-width. Further, both light emitting (Bi,B2) 
and waveguide regions (Ci,C2) are disposed on both sides of 
the active filter region (A 1) substantially symmetrically with 
respect thereto, thereby allowing ease in adjusting the 
refractive indices of the respective regions. 
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Description 



SEMICONDUCTOR LASER 



The present invention relates to a semiconductor 
laser which is small in oscillation spectral line-width 
and variable in oscillation wavelength. 5 

By reason of their small size, high efficiency and 
high reliability, semiconductor lasers have already 
been put to practical use as the light source for fiber 
optic communication. Systems heretofore employed 
utilize the direct modulation capability which is one 10 
of outstanding features of the semiconductor laser, 
and one of such conventional systems is what is 
called a direct intensity modulation-direct detection 
(DIM-DD) system in which intensity-modulated light 
corresponding to the amount of current injected into 75 
the semiconductor laser is received directly by a 
photodiode or avalanche photodiode after being 
propagated through an optical fiber. A dynamic 
single wavelength laser which stably operates at a 
single wavelength even during high-speed modula- 20 
tion, such as a distributed feedback (DFB) semicon- 
ductor laser, has been developed for use as the light 
source in the DIM-DD system, with a view to 
I ssening the influence of dispersion of a single 
mode fiber so as to increase the repeater spacing. 25 
On the other hand, it is possible to improve 
substantially the receiving sensitivity and hence 
increase the repeater spacing more than in the 
DIM-DD system, by positively utilizing the properties 
of the wave motion of light, such as its frequency and 30 
phase. 

This system is referred to as a coherent trans- 
mission system, which is being given much study 
experimentally as well as in its theoretical aspect and 
is now being regarded as a promising future optical 35 
communication system (see T. Okoshi, Journal of 
Lightwave Technology, Vol. LT-2, pp. 341-346, 1984, 
for example). In the coherent transmission system It 
is requisite, because of its property, that the light 
source at the transmitting side and the light source 40 
as a local oscillator at the receiving side be small in 
spectral line-width and variable in oscillation wave- 
length. In studies made so far on a laboratory scale, 
intended primarily for evaluating the potential of the 
system, it is customary to use a gas laser of an 45 
extremely small oscillation line width or more 
practical ordinary semiconductor laser in which an 
external diffraction grating is provided and light of 
only a specific wavelength is fed back thereto, 
thereby achieving high coherence and making the 50 
oscillation wavelength tunable. Since the light emit- 
ting region of the semiconductor laser is as small as 
about 1 |im in diameter, however, the laser structure 
in which the light source and the external diffraction 
grating are not integrated is readily affected by 55 
mechanical vibrations and heat variations, unstable 
in providing desired characteristics and involves a 
large-scale system configuration; therefore, It is 
evident that such a laser structure is not suitable for 
practical use. $0 

For the reduction of the oscillation line-width It is 
an effective method to increase the length of a 
resonator of the laser. In general, however, as the 



resonator becomes longer, the resonance wave- 
length spacing also becomes narrower correspond* 
ingly, leading to defects of liability to multi-wave- 
length oscillation and unstability of the narrow 
line-width characteristic. In addition, wavelength 
tuning is performed by selecting resonance wave- 
lengths discontinuously, not continuously; accord- 
ingly, this semiconductor laser is not suitable for 
practical use. 

It is therefore an object of the present invention to 
provide a variable wavelength semiconductor laser 
of a narrow line-width which is employed as a single 
wavelength light source. 

According to the present invention, light emitting 
regions, waveguides regions and an active filter 
region including a diffraction grating equipped with a 
filter function are integrated on a single substrate, 
whereby only one resonance wavelength is selected 
to ensure a stable laser operation at a single 
wavelength of a small oscillation linewidth. Further, 
both light emitting and waveguide regions are 
disposed on both sides of the active fitter region 
substantially symmetrically with respect thereto, 
thereby allowing ease in adjusting the refractive 
Indices of the respective regions. 

Embodiments of the present invention will now be 
described by way of example in comparison with 
prior art with reference to the accompanying 
drawings, in which: 

Fig. 1 is a schematic diagram of a .known 
semiconductor laser having a long resonator; 

Fig. 2 is a sectional view of a semiconductor 
laser according to an embodiment of the 
present invention; 

Fig. 3 is a graph showing the transmission 
spectral characteristic of an active filter having 
an X/4 shift diffraction grating for use in 
embodiments of the present invention; 

Fig. 4 is a sectional view of a semiconductor 
laser according to another embodiment of the 
present invention; 

Fig. 5 is a graph showing the transmission 
spectral characteristic of an active filter having a 
uniform diffraction grating for use in embodi- 
ments of the present invention, and 

Fig. 6 is a sectional view of a semiconductor 
laser illustrating a further embodiment of the 
present invention. 
To make differences between prior art and the 
present invention clear, an example of prior art will 
first be described. 

A one-piece semiconductor laser in which a 
waveguide region B is monolithically integrated with 
a light emitting region A to provide a long resonator 
structure, as depicted in Fig. 1, has been studied by 
T. Fujita et al. and it has been reported that a 
frequency as low as 900 kHz is obtainable with an 
about 1.8 mm resonator length (Electrocis Lett rs, 
Vol. 21. pp. 374-376; 1985). In Fig. 1 reference 
numeral 1 indicates an InGaAsP light emitting 
layer, 2 an InGaAsP waveguide layer formed on an 



2 



.C31«90A2 I > 



3 



EP 0 314 490 A2 



4 



xtension of the InGaAsP light mitting layer 1 , and 9 
a metallic film improving the reflection efficiency in a 
cleavage plane. 

However, this example of prior art has a defect as 
described above. 

With reference to the accompanying drawings the 
pr sent invention will hereinafter be described in 
more detail. 

Fig. 2 illustrates an embodiment of the present 
invention. In Fig. 2 reference numerals 3, 3* and 4 
indicate light emitting layers of substantially or 
exactly the same composition, which constitute a 
gain region A which has an optical gain resulting 
from injection of a current thereinto. The gain region 
A comprises three sections, one of which is an 
active filter region Ai in which a phase shift type 
diffraction grating 5 having a band-pass filter 
function is formed along the light emitting layer 4 and 
the others of which are gain adjusting regions Bi 
and B2 in which the light emitting layers 3 and 3' are 
provided. Disposed on both sides of the gain region 
A are waveguide regions Ci and C2 which have 
low-loss waveguide layers 6 and 7 coupled thereto 
with high efficiency, and a pair of reflecting end 
facets are disposed at opposite ends of the laser 
assembly. Incidentally, in this embodiment the 
reflecting end facets are shown to be highly 
reflective end facets which are formed by metallic 
films 9 and 9' coated on dielectric films 8 and 8' so as 
to provide more effective optical confinement. The 
light emitting layers 3, 3' and 4 and the waveguide 
layers 6 and 7 are each sandwiched between 
semiconductor layers of different conductivity types, 
and the respective regions are provided with 
electrodes 10, 11, 12, 13 and 14 for independent 
control thereof. Reference numeral 19 designates a 
lower electrode, and 15, 16, 17 and 18 high 
resistance regions for electrical isolation, which can 
be obtained, for example, by implanting proton. 

The operation of this embodiment will now be 
described. In Fig. 3 there is shown a transmission 
spectral characteristic of the phase shift, for in- 
stance, X/4 shift diffraction grating 5 in the case 
where it has a gain. Letting the period and the 
refractive index of the diffraction grating 5 be 
represented by A and n2, respectively, the gain is 
effectively provided only at the center wavelength 
given in the form of X0 — 2An2 ; so that the diffraction 
grating serves as an active filter which has such a 
sharp band-pass characteristic as shown in Fig. 3. 
On the other hand, when an end-facet reflection 
occurs, the sharp characteristic of the 7J4 shift 
diffraction grating 5, such as depicted in Fig. 3, may 
sometimes be impaired depending on the phase of 
reflected light, but this can be avoided by changing 
the refractive indices of the waveguide layers 6 and 7 
of the waveguide regions C1 and C2 between the 
active filter region A1 and the reflecting end facets 
through current injection or voltage application so 
that the phase of the reflected light may be optimum. 
Incidentally, if the phase of reflected light could be 
varied by 2n at most, then it could be adjusted to an 
optimum value within this range. Assuming for 
example, that the length I3 of the waveguide region 
Ci or the length 13' of the waveguide region C2 is 



500 u.m, a refractive index change of An to 0.002 will 
suffice for obtaining the above-mentioned phase 
variation 2n. This can be achieved by current 
injection which needs only to cause a change in 
5 carrier density as small as AN to 2 x 10 17 cm* 3 . In 
case of utilizing the electrooptic effect by voltage 
application, such a refractive index change can be 
achieved by applying a voltage about 1/4 of a 
breakdown voltage. The latter method of adjusting 

10 the refractive index by voltage application needs 
only to apply a reverse bias and maintains the 
semiconductor laser in a low-loss state because it 
does not involve any carrier injection. Accordingly, 
such a phase adjustment ensures the oscillation of 

15 the semiconductor laser at the single wavelength Xo- 
At the same time, the oscillation line-width can be 
reduced by selecting the overall length L of the 
resonator large. 

On the other hand, the oscillation wavelength can 

20 be changed by changing the refractive index x\z of 
the light emitting layer 4, in which the X/4 shift 
diffraction grating 5 is provided, in accordance with 
the density of carriers injected thereinto. Inciden- 
tally, the oscillation wavelength can be varied over a 

25 range of AXo to 50 A by changing the carrier density 
in the range of AN to 1 x 10 1e cm -3 . 

The carrier density of the active filter region A1 
during oscillation can be changed by adding the gain 
adjusting regions B1 and B2. adjusting the current 

30 injection thereinto to make the overall gain substan- 
tially constant, and changing the current Injection 
into the active filter region A1. Since the phase of 
light reflected by each end facet deviates from an 
optimum value corresponding to such a change in 

35 the oscillation wavelength, the refractive indices of 
the left and right waveguide regions Ci and C2 must 
be adjusted to optimum values. By selecting sub- 
stantially equal the lengths 12 and 12' of the left and 
right gain adjusting regions B1 and B2 and the 

40 amounts of current injected thereinto I2 and I2' and 
the lengths I3 and 1 3 ' of the waveguide regions Ci 
and C2' phase variations of the reflected light at the 
left and right sides can be made substantially equal; 
so that variations in the refractive indices of the 

45 waveguide regions Ci and C2' necessary for the 
phase adjustment, can also be made nearly equal to 
each other. In other words, by disposing the gain 
adjusting regions Bi and B2 and the waveguide 
regions Ci and C2 on the both sides of the active 

50 filter region A1 substantially symetricaliy with re- 
spect thereto, substantially the same amount of 
current or voltage can be injected into or applied to 
the left- and right-hand regions for optimizing the 
phase of the reflected light; this permits simplifica- 

55 tion of the circuit arrangement for driving the 
semiconductor laser. Even if the device structure is 
not completely symmetrical, it is possible to distrib- 
ute proper amounts of current or voltage to the 
respect ve regions and achieve optimum phase 

60 adjustment by connecting to the respective elec- 
trodes resistors whose resistance values are se- 
lected in accordance with the lengths of the 
respective regions in such a manner as to satisfy 
U1/U2 — I2/I2' — r2/ri and 

65 Ipi = Ip2 = I3/I3' — r-i/ra' where n is the resist- 
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ance value of the resistor connected to the gain 
adjustment region Bi' Ui is a current flowing across 
the resistor w xz is the resistance value of the 
resistor connected to the gain adjustment region Bz 
U2 is a current flowing across the resistor r* r3 and r* 
are resistance values of the resistors connected to 
th waveguide regions Ci and C? respectively, and 
Ipi and Ip2 are currents flowing across the resistors T3 
and t4- respectively, as shown in Fig. 4. l pI0 and Ipso 
are currents for initial phase adjustment use. 

While the embodiment of Fig. 2 is shown to 
employ aX/4 shift diffraction grating as the band- 
pass filter of the active filter region Av a similar 
excellent band-pass filter characteristic such as 
shown in Fig. 5 can also be obtained by use of a 
uniform diffraction grating. In this instance also, the 
phase of reflected light at either side can readily be 
adjusted as in the above-described embodiment. 

Although the above embodiments have been 
described in connection with the case where the 
gain adjustment regions Bi and B2 are provided 
between the waveguide regions C1 and the same 
effect as mentioned above can be produced as long 
as the gain adjustment regions and the waveguide 
regions are disposed on the both sides of the active 
filter region Ar irrespective of positional relationship 
of the both regions. Since the waveguide layer 6 or 7 
is intended primarily for adjusting the phase of 
reflected light, the purpose could also be achieved 
by a semiconductor layer which has a composition 
close to that of the light emitting layer 4, 3 or 3' and a 
gain. 

While in the above embodiments of the present 
invention have been described as employing a direct 
coupling structure for optically coupling the light 
emitting layers and the waveguide layers of different 
compositions, the invention is also applicable to 
other coupling methods including an LOC (Large 
Optical Cavity) structure. Moreover, the foregoing 
embodiments have been described in connection 
with the reflection between a pair of end facets, but 
distributed Bragg-reflectors (DBR) 20 and 20' may 
also be used as a pair of reflectors as depicted in 
Fig. 6, and their use is rather convenient for 
monolithic integration with other devices because 
the output light can be obtained through the 
waveguide. Although no particular reference has 
been made to a stripe structure for confining light in 
a transverse direction, all transverse mode optical 
confinement structures including a buried structure 
can be used. All compound semiconductor crystals 
which can be used for the semiconductor laser, such 
as InGaAsP/lnP, AIGaAs/GaAs, InAIGaAs/lnP and 
AIGaAsSb/GaAs, can be employed as semiconduc- 
tor materials. 

As described above, according to embodiments 
of the present invention, the light emitting regions Bi 
and B2 and the waveguide regions C1 and C2 for 
phase adjustment use are provided symmetrically 
with respect to the active filter region A1 having a 
diffraction grating, by which an excellent single 
wavelength pass-characteristic is obtained, thus 
making it possible to suppress multi-wavelength 
oscillation which occurs when the length of the 
resonator is increased for the purpose of reducting 



the oscillation line-width. That is to say, a semicon- 
ductor can be implemented which is narrow in 
oscillation line width and stably operates at a single 
wavelength. Furthermore, the oscillation wavelength 

5 can also be changed by changing the refractive 
indices of the active filter region At and the 
waveguide regions Ci and C2. In this case, since the 
respective regions are disposed symmetrically, the 
phase of reflected light can be adjusted to substan- 

10 tially the same extent at the both sides, and the 
phase adjustment can also be carried out with ease. 
Accordingly, embodiments of the present invention 
are very promising as light sources for coherent 
transmission and other optical measurements, and 

15 hence are of great practical utility. 



Claims 

20 

1. A semiconductor laser comprising: an 
active filter region (Ai) including a diffraction 
grating (5) formed along a first light emitting 

25 layer (4) and equipped with a band-pass type 

filter function; gain adjustment regions (Bn, B2) 
for adjusting an optical gain, each having a 
second light emitting layer (3,3') formed of a 
semiconductor which is the same as or different 

30 from that of the first light emitting layer (4); and 

waveguide regions (Ci. C2) each having a 
waveguide coupled to the active filter region or 
one of the gain adjustment regions with high 
efficiency; in which the gain adjustment regions 

35 (Bi,B2) and the waveguide regions (Ci,C2) are 

integrated on a single substrate on both sides 
of the active filter region (Ai) substantially 
symmetrically with respect thereto; a laser 
resonator is formed by providing a pair of 

40 reflecting end facets (9,9') or reflectors (20,20') 

at both ends of the assembly of the gain 
adjustment regions, the active filter region and 
the waveguide regions; the gain adjustment 
regions, the active filter region and the wave- 

45 guide regions are electrically isolated 

(15,16,17,18) from one another and are each 
provided with an electrode; and the oscillation 
wavelength of the semiconductor laser is 
changed by changing the refractive indices of 

50 the respective regions through voltage applica- 

tion or current injection to the electrodes, 
thereby producing a narrow-line -width, single- 
wavelength oscillation output light of a wave- 
length which agrees with the transmission 

55 wavelength of the active filter region dependent 

on preset refractive indices of the respective 
regions. 

2. A semiconductor laser according to claim 
1 , in which the respective lengths of the gain 

60 adjusting regions (Bi,B2) are substantially 

equal to each other. 

3. A semiconductor laser according to claim 1 
or 2 in which the respective lengths f the 
waveguide regions (Ci,C2) are substantially 

65 equal to each other. 
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4. A semiconductor laser according to any 
preceding claim tn which the respective injec- 
tion currents to the gain adjusting regions 
(Bi,B2) and the waveguide regions (Ci,C2> are 
supplied through resistors (r1.r2.r3.r4) which 5 
have resistances proportional to the lengths of 
corresponding regions, respectively. 

5. A semiconductor laser according to any 

10 
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preceding claim in which the diffraction grating 
(5) mployed In th activ region is a X/4 
diffraction grating. 

6. A semiconductor laser according to any 
preceding claim, in which said pair of end facets 
comprises distributed Bragg-ref lectors (20,20'). 
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© Semiconductor laser. 

© A variable wavelength semiconductor laser In which light 
emitting regions (Bi,B2), waveguide regions (Ci,C2) and an 
active filter region (Ai) including a diffraction grating (5) 
equipped with a filter function are integrated on a single 
substrate, whereby only one resonance wavelength Is selected 
to ensure a stable laser operation at a single wavelength of a 
small oscillation line-width. Further, both light emitting (Bi,B 2 ) 
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